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Navy Manpower, Personnel, Training, and Education (MPTE) decision makers require 
improved access to the information obtained from the vast amounts of data contained 
in a number of disparate databases/data stores in order to make informed decisions and 
understand second- and third-order effects of those decisions. Toward this end, the 
effort of this research was two-fold. First, it examined and proposed an end-to-end 
application architecture for performing analytics for MPTE. Second, it developed a 
decision tree model to predict retention of post-command aviators, using the Cross-
Industry Standard Process for Data Mining (CRISP-DM), in support of one Navy MPTE’s 
main concerns: retention in post-command aviator community. 
This research concluded that with the exponential collection and growth of diverse data, 
there is a need for a combination of Big Data and traditional data warehousing 
architectures to support analytics at MPTE. The data-mining effort developed a 
preliminary predictive model for post-command aviation retention and concluded that 
the number of NOBCs, particularly non-aviation NOBCs, was the most important 
indicator for predicting retention. Additional data sources particularly those that contain 
Fitness Reports/Evaluations need to be included in order to improve the accuracy of the 
model. 
Keywords: Big Data, application architecture, enterprise architecture, OPNAV N1, 
manpower, personnel, training, education, predictive modeling, CRISP-DM, aviation 
community retention 
Background 
The Chief of Naval Personnel (CNP) is responsible to the Chief of Naval Operations (CNO) 
for Navy’s manpower readiness (Department of the Navy [DON], n.d.-a). Dual-titled as 
the Deputy Chief of Naval Operations (Manpower, Personnel, Training 
Education/OPNAV N1), the CNP oversees the Bureau of Naval Personnel (BUPERS), Navy 
Personnel Command (NPC), Naval Education and Training Command (NETC), and the 
Navy Manpower Analysis Center. Combined, these organizations create and implement 
the overall strategy and policies concerning manpower and training programs (DON, 
n.d.-a). 
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The overall mission of the CNP is to “anticipate Navy warfighting needs, identify 
associated personnel capabilities, and recruit, develop, manage, and deploy those 
capabilities in an agile, cost-effective manner” (Hall, 2006, para. 8). In order to achieve 
this mission, CNP has set forth three strategic objectives for the MPTE domain: 
Responsive Force Management, Effective Personnel Readiness, and Sound 
Organizational Alignment (Navy Personnel Command [NPC], 2013). Responsive Force 
Management focuses on bettering distribution, training, recruiting, and retention in 
order to meet Fleet manpower requirements (NPC, 2013). Effective Personnel Readiness 
focuses on developing a ready Sailor through proper training and education and 
supported by services and resources they and their families need (NPC, 2013). Sound 
Organizational Alignment focuses on ensuring the decisions and actions made by 
OPNAV N1 are aligned with the needs of the fleet (NPC, 2013). It is through these 
strategic objectives that MPTE will continually support the CNO’s principles of 
Warfighting First, Operate Forward, and Be Ready of Warfighting First, Operate 
Forward, and Be Ready (NPC, 2013). 
Findings and Conclusions 
The main objectives of this research were to examine and propose an end-to-end 
application architecture for performing analytics for Navy MPTE, and to develop a 
predictive model for retention to address Navy MPTE’s concerns regarding retention of 
the post-command aviators. The following are the specific research questions posed by 
this research, how they were addressed, and answers to these questions as uncovered 
by the research effort.  
1. Data Architecture Questions 
• What are the various internal and external data sets that need to be analyzed? 
This research mainly focused on internal data sets of MPTE, such as OPINS and NES for 
officer and enlisted data, NTMPS for training data, NSIPS for pay and personnel 
information, and NMPBS for historical records. External data sources such as social 
media were beyond the scope of this thesis as access was not available to those data 
sets. 
• How is the ingestion of the data into the Hadoop environment accomplished from 
the data sources?  
With the majority Navy MPTE’s databases classified as relational databases, the best 
tool for ingestion into a Big Data platform is Sqoop, which is specifically designed to 
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support the ingestion of data from RDBMS to HDFS (Teller, 2015). Sqoop automates 
most of the ingestion process and can support incremental imports of data, only 
retrieving records newer than the previously imported set (“Sqoop User Guide,” 2016). 
This feature would be helpful to Navy MPTE as their databases update monthly. 
• What are the necessary Hadoop infrastructure hardware and software components?  
The two infrastructures that can support Big Data are in-house and cloud 
infrastructures. In-house infrastructures are owned and maintained by the organization, 
while third-party vendors provide the infrastructure for cloud computing. In recent 
years, the Department of Defense (DOD) has pushed towards establishing the DOD 
Cloud Environment in order to reduce the current IT infrastructure (Department of 
Defense, 2012). In line with the DOD Cloud Computing Strategy, our recommendation is 
to use cloud computing as the underlying infrastructure for a Big Data architecture. 
According to the DOD (2012), the benefits of cloud computing include improved server 
utilization, immediate increase or decrease of servers, the ability to take advantage of 
emerging technologies of the private sector, and a shift from managing and maintaining 
hardware to only managing services. 
Many analytic tools are available that can support Navy MPTE’s mission by creating a 
common operating picture. Impala and Mahout are good candidates that can provide 
the necessary capabilities to meet the requirements of Navy MPTE. Impala provides the 
capability to process data of different types and formats, including text, efficiently. 
Mahout is a machine learning library of algorithms that can analyze data sets of 
different sizes to create predictive and other models. 
• What are the different types of NoSQL databases that are most suitable to store 
Navy MPTE data?  
Based on the current data sources, we theorize that the most suitable NoSQL database 
to meet Navy MPTE’s business needs is a graph data store. This type of database 
provides for the analysis of complex relationships of data, and is suited for 
recommendation systems (Hecht & Jablonski, 2011). Additionally, a column-oriented 
database, like HBase, can be used to store data from social media (Sawant & Shah, 
2013). 
• Does Navy MPTE need Big Data technology or should it instead use a high-
performing, relational database management system (RDBMS) and traditional Data 
Warehouse technology? 
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The overall architecture we recommend for Navy MPTE is a combination of Big Data and 
traditional relational database management systems. Depending on the type of analysis 
Navy MPTE requires, they can take advantage of what both Big Data and RDBMS has to 
offer. RDBMS allows for the inserting, updating, and deleting of records, while Big Data 
processing tools like Hive and Impala does not. In addition, RDBMS are beneficial for 
Navy MPTE for analyzing small data sets and providing immediate results (Cloudera, 
2014). However, Big Data analytics and processing tools like Pig, Hive, and Impala are 
optimized for large amounts of data, can support complex data types, and scale at 
relatively low cost (Cloudera, 2014). 
Analyzing data is a challenging task as Navy personnel data is distributed across multiple 
databases. A Big Data architecture provides a way to integrate multiple data sources 
without needing to replace current RDBMS. In addition, a Big Data architecture takes 
advantage of NoSQL databases in storing structured and unstructured data, allowing for 
a more efficient way of organizing data vice having multiple records for a single person 
in a relational database, which does not scale well when data grows. 
2. Data Mining Project Questions 
• What are the substantive issues that a Navy MPTE Common Operating Picture is 
trying to solve? 
Navy MPTE’s motivation for developing a Common Operating Picture is to identify and 
retain the most talented Sailors. There are several factors that can be used to identify 
the most qualified Sailors such as their educational level, training, billet history, and 
FITREPs. Currently, the Navy is losing a good amount of experienced and talented 
officers to the private sector, which is an important concern for Navy leadership and the 
health of the fleet in the future. 
• What are some indicators that would lead an Officer to leave the service?  
Navy Officer Billet Classifications (NOBC) were discovered as the most important 
indicator to determine whether an officer leaves the service. Aviators are likely to leave 
the service if they have eight or fewer NOBCs. 
Recommendations for Further Research 
The effort of this research was limited to only using OPINS as the primary source of data 
for developing a predictive model of retention of post command aviators. Other data 
sources can significantly improve the accuracy of the developed predictive model and 
should be incorporated in any future research. For example, training data, located in 
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NTMPS, can pinpoint what talent is being retained or lost. NES can also be incorporated 
to predict retention for enlisted Sailors. FITREPs/Enlisted Evaluations contain 
information regarding billets, performance trait average, physical fitness scores, and 
milestone recommendations of the reporting senior. This information can be found in 
relational databases like NSIPS. Reporting senior’s comments on the performance of the 
officer could also be very helpful in improving the accuracy of the predictive model. 
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